Background {#Sec1}
==========

Dental implants are now a widely accepted treatment option for the replacement of missing teeth. The therapeutic goal of dental implants is to support restorations that replace single or multiple missing teeth so as to provide patient comfort, function, and esthetics as well as assist in the ongoing maintenance of remaining intraoral and perioral structures. However, anatomic limitations such as the maxillary sinus may limit the amount of bone available to place traditional length implants (\>10 mm). To avoid invasive sinus elevation procedures, manufacturers have developed shorter implants (\<10 mm). Multiple studies have proven that short implants are equally successful to longer implants \[[@CR1]--[@CR9]\]. Tapered implant design further enhances primary implant stability, especially in the posterior maxilla where bone quality is usually poor \[[@CR10]--[@CR12]\].

The purpose of this study was to evaluate the initial stability of the OsseoSpeed TX™[1](#Fn1){ref-type="fn"} tapered implant (OSPTX) and to compare it to the standard OsseoSpeed™^1^ parallel walled implant (OSP) as well as to compare the soft bone and standard surgical protocols. Both implants included in this study are manufactured from high-grade commercially pure titanium with surface roughness produced via a fluoride treatment process. The OSPTX and OSP implants are self-tapping implants. The implants used in this study were all of 4.0 mm in diameter and 8 mm in length. Microthreads™ characterize the coronal aspect of both implants. The OSPTX implant has the same features as OSP except the apex of the implant is tapered (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Implant design. The OSPTX and OSP implants are manufactured from high-grade commercially pure titanium with surface roughness produced via a fluoride treatment process. The OSP implant is a screw-shaped self-tapping implant. The diameter used in this study was 4.0 mm. The implant length used in this study was 8 mm. The OSPTX implant has the same features as the OSP except the apex of the implant is tapered

Successful integration of dental implants is largely dependent on their primary stability \[[@CR13]\]. Implants placed in the maxilla present more challenges due to the poor bone quality usually found in these areas. Another anatomic challenge in the posterior maxilla is the pneumatization of the maxillary sinus which can limit the length of implant that can be placed. To avoid invasive sinus augmentation procedures, implants have been designed in shorter lengths such as 8 mm. To further enhance short implant primary stability, a tapered design has been developed which has been proven to provide greater initial stability \[[@CR10]--[@CR12], [@CR14]\]. Implant stability can be evaluated by different measures such as torque at the time of implant placement, resistance to reverse torque, and resonance frequency analysis (RFA). Multiple studies have established feasibility for validating implant stability in lab and animal models to justify using resonance frequency analysis in clinical trials \[[@CR15], [@CR16]\]. Limited literature exists on the OSPTX implant design, and to our knowledge, no clinical studies exist that compare OSP to OSPTX. A recent ex vivo comparison of two different designs of OSPTX implants in porcine mandibles demonstrated that a conical neck design presented higher primary stability (insertion torque and implant stability quotient (ISQ)) than a cylindrical neck design \[[@CR17]\]. In our study, both the torque value and ISQ value were recorded at the time of placement. ISQ values were also recorded at implant uncovery at 6 weeks and also at 6 and 12 months when the final restoration was placed.

A recent systematic review by Stocchero et al. concluded that an undersized drilling protocol in soft bone is an effective way to enhance insertion torque but recommended that further clinical studies are needed to confirm these data \[[@CR18]\]. Our study was designed to address this question, as it compared the standard drilling protocol to a soft bone protocol.

Our study hypothesis is that the stability of the OSPTX implant will be greater than that of the OSP implant due to the tapered design of the OSPTX implant.

The objectives of this study were the following:To determine whether preparation of the osteotomy with a soft bone protocol (underpreparation of the osteotomy compared to the implant diameter by −0.5 mm at the body portion) results in greater primary implant stabilityTo investigate possible correlations between ISQ and torque valuesTo evaluate radiographic bone loss at 6 months and 1 year

Methods {#Sec2}
=======

Following proper approval by the LSUHSC Institution Review Board (LSUNO IRB\#7438), 27 (30 implant sites) systemically healthy patients at least 18 years old were enrolled in the study and randomly divided into three groups as follows (inclusion and exclusion criteria are described in detail in Table [1](#Tab1){ref-type="table"}):*Group A* received 10 OSPTX implants using the soft bone surgical protocol (OSPTXSoft).*Group B* received 10 OSPTX implants using the standard surgical protocol (OSPTXStd).*Group C* received 10 OSP implants using the standard surgical protocol (OSPStd). Table 1Patient selection criteriaInclusionMale or femaleAt least 18 years oldHealthy enough to undergo routine implant surgery and subsequent dental treatmentPartially edentulous requiring single dental implants in the maxillaAdequate volume of native or grafted bone to accommodate dental implants at least 8 mm longNo active infectionsPhysically, emotionally, and financially able to undergo planned implant proceduresAdequate compliance to meet study requirements and necessary appointmentsExclusionMedical need for antibiotic premedication for infective endocarditis, artificial joints, or any other medicationUncontrolled hypertensionUncontrolled diabetesSerological human immunodeficiency virus (HIV) positiveHistory of significant heart, stomach, liver, kidney, blood, immune system, or other organ impairment or systemic disease that would prevent undergoing the proposed treatmentSmoke cigarettes or other tobacco productsUse of investigational drugs during the previous monthUnresolved dental conditions likely to require exiting the study for treatment, such as deep cavities, abscesses, or moderate to severe periodontal diseaseHistory of radiation therapy to the head and neckUnwilling or inability to sign the informed consent formFailure to demonstrate willingness to return for a required number of visitsNeed immediate dental implant placement following tooth extractionPatient selection, inclusion, and exclusion criteria are presented

To facilitate randomization, the manufacturer packaged each implant with a prescribed surgical protocol included. The surgeon was blinded to the implant type until the opening of the package when the patient was seated for the surgery.

The soft bone drilling protocol used for group A results in an underpreparation compared to the implant diameter by −0.5 mm at the body portion. Corresponding underpreparation at the apex is from the beginning of apex towards the tip of the implant −0.8, −0.4, and 0 mm, respectively. All implants were of 4 mm diameter and 8 mm length and were placed at sites coronal to the maxillary sinus where at least 8-mm bone height was available. Every patient received a cone beam computed tomography (CBCT) evaluation pre-operatively using an i-CAT®[2](#Fn2){ref-type="fn"} unit. Bone quality was measured clinically by the surgeon during preparation of the osteotomy \[[@CR19]\]. Implants were placed following a two-stage protocol. They were uncovered at 6 weeks at which time functionally loaded screw-retained provisional crown was delivered per a FDA approved protocol for this implant system. Implant stability was measured by insertion torque using a calibrated torque wrench[3](#Fn3){ref-type="fn"} at the time of implant placement and by ISQ measurements using the Osstell™[4](#Fn4){ref-type="fn"} unit at the time of implant placement and at 6 weeks and 6 and 12 months (Fig. [2](#Fig2){ref-type="fig"}). Standardized periapical radiographs were taken at the time of implant placement and at 6 and 12 months. Changes to the bone level heights were measured at 6 and 12 months by two blinded examiners using the ImageJ®[5](#Fn5){ref-type="fn"} software. The final cement-retained PFM crown (DSIGN porcelain) was delivered at 12 months.Fig. 2ISQ values at placement, 6 weeks, 6 months, and 1 year. Mean and standard deviation of ISQ values taken at placement, 6 weeks, 6 months, and 1 year is presented. No statistical significant difference was determined between ISQ values at all time points. (*p* \< 0.05)

ANOVA was used to compare the mean implant stabilities between the three groups. Post hoc testing was done via Tukey's honestly significant differences test to calculate the differences between ISQ measurements at the time of implant placement, 6 weeks and 6 and 12 months (Fig. [2](#Fig2){ref-type="fig"}) as well as bone levels at 6 and 12 months (Fig. [3](#Fig3){ref-type="fig"}). The correlations of multiple parameters such as insertion torque, ISQ, and crestal bone level were calculated using the Pearson product-moment correlation coefficient.Fig. 3Mean bone loss at 6 months and 1 year. Mean bone loss distribution charts at 6 months and 1 year present no statistically significant difference. *p* value at 6 months was 0.2981 and at 1 year 0.6613

Results {#Sec3}
=======

Overall implant survival rate was 93.3%. Two implants failed, one implant in group A (OSPTXSoft) and one in group B (OSPTXStd). Both implant failures occurred at the time of uncovery (at 6 weeks) and prior to loading of the implants and were attributed to lack of integration. With the exception of these two failed implants, there was 100% success for all remaining implants using the parameters described in Table [2](#Tab2){ref-type="table"}. There are no statistically significant differences in mean crestal bone loss at 6 and 12 months (Fig. [3](#Fig3){ref-type="fig"}) or ISQ at insertion, 6 weeks and 6 and 12 months (Fig. [2](#Fig2){ref-type="fig"}) in between the three groups. Implant stability, as measured by ISQ, ranged between 83 and 84 at the 12-month time point in all groups (Fig. [2](#Fig2){ref-type="fig"}). Mean radiographic crestal bone loss at 6 and 12 months after implant placement was minimal (\<0.5 mm) in all groups with no statistically significant difference between the groups (Fig. [3](#Fig3){ref-type="fig"}). Implant stability, as measured with ISQ, presented no statistically significant difference between the three groups at the time of insertion and at 6 and 12 months. Strong positive correlations were found between overall bone loss at 6 months and insertion torque at time of placement (*r* = 0.7998). When evaluating the correlation between torque values at the time of implant placement, a strong positive correlation was found with overall bone loss at 6 months (*r* = 0.7995) and with ISQ at 6 weeks (*r* = 0.9078). Insertion torque and ISQ at time of implant placement presented a very weak correlation (*r* = 0.0509).Table 2Outcome success criteriaImplant successClinically immobile when tested manually and/or with RFA (minimum ISQ = 65)Absence of peri-implant radiolucency present on an undistorted radiographAbsence of unresolved pain, discomfort, infection or neuropathy, or peri-implant soft tissue complications attributable to the implantImplant placement that does not preclude delivery of a prosthetic crown with an appearance that is satisfactory to the patient and the dentistCrestal bone loss that is \<1.5 mm after the first year of loading followed by not more than 0.2 mm of annual crestal bone loss thereafterProsthesis successAbsence of unresolved peri-implant soft-tissue complications, such as bleeding, swelling, suppuration or recession, attributable to the prosthetic restorationAbsence of unresolved prosthetic complications, such as screw loosening or porcelain fractureAbsence of esthetic complications, such as implant or abutment visibility, or compromised porcelain translucency or mismatched prosthetic tooth colorEarly loading success: a functional provisional crown placed ≥3 weeks and \<3--6 months after implant placement, followed by delivery of a definitive crown after 12 months of functionOutcome success criteria are presented

Discussion {#Sec4}
==========

Augmentation of the maxillary sinus prior to dental implant placement is routinely performed in order to help patients restore their maxillary posterior dentition. Unfortunately, not all patients are candidates for this procedure due to either health, personal, or financial concerns. An alternative treatment without the need for a sinus elevation procedure is the use of a shorter implant. Research has shown that shorter implants (\<10 mm) have comparable survival and success rates to longer implants (\>10 mm) \[[@CR1]--[@CR4], [@CR6]--[@CR9]\]. Primary implant stability, as measured at the time of placement, is another important factor for both short and long implants. Tapered implant designs are considered to provide greater initial stability \[[@CR12], [@CR14]\]. Specifically, Lozano-Carrascal et al. in a prospective clinical study compared OSP implants to tapered MIS® implants placed in human mandibles. They reported the tapered implants achieved higher primary stability measured through ISQ and insertion torque \[[@CR20]\]. Our study did not support these findings as we did not find a statistically significant difference in primary stability between the OSP and OSPTX implant designs. However, the OSPTX implants used in our study were tapered only at the apex as opposed to the MIS® implant which is tapered throughout the body of the implant. Furthermore, the mean insertion torque value observed in our study for the OSP group was lower (27.6 Ncm) than that observed by Lozano-Carrascal et al. in the maxilla for the same implant (35.8 Ncm) \[[@CR20]\]. This difference may be attributed to the shorter implant length and wider diameter used in our study. The mean ISQ at insertion for the OSP implants in our study presented comparable values to an ex vivo study using the same implant placed in fresh porcine mandibles \[[@CR17]\].

Surgical protocols have been developed to overcome the poor bone quality found in the posterior maxilla, so as to increase primary implant stability. Most surgical systems recommend a soft bone surgical protocol which requires a narrower diameter osteotomy than that of the implant being placed. This can involve underpreparing the complete length of the osteotomy or only underpreparing the apical ¾ of the osteotomy when the crestal bone is denser. In the posterior maxilla, the bone quality can vary greatly. By comparing the stability between the three groups, we found that implant stability was neither statistically significantly different between the two different implant designs or between the two different surgical protocols used. These findings are in agreement with Siera-Rebolledo et al., who also found no statistically significant differences between a soft bone drilling protocol and a standard drilling protocol \[[@CR21]\].

Insertion torque presented a moderate to strong correlation with ISQ values at 6 weeks, 6 months, and 1 year but not at time of implant insertion. This finding is in agreement with Acil et al. who reported no statistically significant correlation between insertion torque and ISQ at time of implant placement \[[@CR22]\].

Although a strong correlation was found between insertion torque and bone loss at all time points, the mean bone loss observed was minimal (\<0.5 mm).

The OSP implant system has demonstrated high survival rates ranging from 94 up to 100% in previous long- and short-term studies \[[@CR23]--[@CR25]\]. Our findings are comparable with an overall 93.3% survival rate at 1 year, despite the fact that all implants were placed in the posterior maxilla.

Conclusions {#Sec5}
===========

Survival rates and stability of OSP and OSPTX implants was comparable.

Osteotomy preparation either by the standard or by the soft bone surgical protocol had no significant effect on implant survival, success, and stability.

Insertion torque presented a moderate to strong correlation with ISQ values at 6 weeks, 6 months, and 1 year.

Insertion torque presented a weak correlation to ISQ values at time of implant insertion.
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